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Abstract 6 
Vibrational spectroscopy has been used to characterise the mineral creaseyite 7 
Cu2Pb2(Fe,Al)2(Si5O17)·6H2O. The mineral is found in the oxidised zone of base metal 8 
deposits and interestingly is associated with copper silicate minerals including ajoite, kinoite, 9 
chrysocolla as well as wulfenite, willemite, mimetite and wickenburgite.  Creaseyite is a 10 
mineral with zeolitic properties.  11 
A Raman band at 998 cm
-1
 is assigned to the SiO stretching vibration of SiO3 units. The 12 
Raman band at 1071 cm
-1
 is assigned to the SiO stretching vibrations of the Si2O5 units.  13 
Raman bands are found at 2750, 2902, 3162, 3470 and 3525 cm
-1
.  The band at 3525 cm
-1
 is 14 
attributed to zeolitic water.  Other bands are assigned to water coordinated to the metal 15 
cations.  Vibrational spectroscopy enables aspects of the molecular structure of creaseyite to 16 
be determined.  17 
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1. Introduction 21 
Creaseyite is fundamentally a lead-copper-iron mineral of formula 22 
Cu2Pb2(Fe,Al)2(Si5O17)·6H2O [1].  The mineral is said to be visually very similar to green-23 
coloured minerals of the mixite group [2-4] especially argardite [5-7]. It is known from 24 
several locations [8-10]. The mineral is found in the oxidised zone of base metal deposits and 25 
interestingly is associated with copper silicate minerals including ajoite, kinoite, chrysocolla 26 
as well as wulfenite, willemite, mimetite and wickenburgite.  The mineral appears to be a late 27 
oxidation product but the relationship with other minerals is unknown. The mineral is named 28 
after the economic geologist Dr Saville Cyrus Creasey. The mineral is orthorhombic with 29 
point group: 2=m 2=m 2=m or mm2. The mineral shows fibrous crystals, elongated along 30 
[001] and flattened on 010 axis, to 0.5 mm. It is of space group: mmmCb, a = 12.483-12.497, 31 
b = 21.375-21.395, c = 7.283, Z = 4. 32 
 33 
There are about forty naturally occurring minerals which because of their structure can 34 
incorporate water into the channels or layers. The water is often referred to as zeolitic water. 35 
The exact nature of water in these minerals is not strictly known. Zeolite is a crystalline, 36 
porous aluminosilicate. Some of the more common minerals include analcime, chabazite, 37 
clinoptilolite, heulandites, natrolite, phillipsite and stilbite. Other less common and less well 38 
known zeolitic minerals include apophyllite, cavansite, armstrongite, nekoite, okenite and 39 
creaseyite.  Natural zeolites form where volcanic rocks and ash layers react with alkaline 40 
groundwater. Zeolites crystallize in post-depositional environments over periods ranging 41 
from thousands to millions of years in shallow marine basins. Naturally occurring zeolites are 42 
rarely pure and are contaminated to varying degrees by other minerals, metals, quartz, or 43 
other zeolites. For this reason, naturally occurring zeolites are excluded from many important 44 
commercial applications where uniformity and purity are essential.  Water trapped in the 45 
zeolite may be lost in stages in both reversible and irreversible steps.  46 
 47 
Some vibrational spectroscopic studies of these zeolitic type minerals have been undertaken 48 
[11-13]. Sengupta et al. reported the infrared spectra of some natural Indian zeolites 49 
including apophyllite [14].  Sidorov [15] reported the Raman spectrum of apophyllite and 50 
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identified Si2O5
2-
 ions in the structure and confirm the presence of these ions in silicates with 51 
double rings and double chains or layers.  Duval and Lecomte [16] used vibrational 52 
spectroscopy to determine the role of water in the apophyllite structure. Some infrared studies 53 
of zeolite have been published [17, 18].  No studies on the vibrational spectroscopy of 54 
creaseyite have been reported. The role of water in the mineral structure is also unknown.  55 
 56 
Vibrational spectroscopy has proven very useful for the study of minerals. Indeed Raman 57 
spectroscopy has proven most useful for the study of diagenetically related minerals as often 58 
occurs with minerals containing silicate groups such as creaseyite and armstrongite. The 59 
objective of this research is to report the vibrational spectra of creaseyite and to relate the 60 
spectra to the molecular structure of the minerals.  61 
2. Experimental 62 
2.1 Mineral 63 
The creaseyite minerals were obtained from The Mineralogical Research Company. The 64 
mineral originated from the Mammoth-ST. Anthony Mine, Tiger, Pinal County, Arizona (T). 65 
Details of the mineral have been published (page 164) [19].   66 
2.2 Raman spectroscopy 67 
Crystals of creaseyite were placed on a polished metal surface on the stage of an Olympus 68 
BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The microscope is 69 
part of a Renishaw 1000 Raman microscope system, which also includes a monochromator, a 70 
filter system and a CCD detector (1024 pixels). The Raman spectra were excited by a 71 
Spectra-Physics model 127 He-Ne laser producing highly polarised light at 633 nm and 72 
collected at a nominal resolution of 2 cm
-1
 and a precision of ± 1 cm
-1
 in the range between 73 
200 and 4000 cm
-1
. Repeated acquisitions on the crystals using the highest magnification 74 
(50x) were accumulated to improve the signal to noise ratio of the spectra. Because of the 75 
lack of signal, over 1200 scans were made. The spectra were collected over night. Raman 76 
Spectra were calibrated using the 520.5 cm
-1
 line of a silicon wafer.  The Raman spectrum of 77 
at least 10 crystals was collected to ensure the consistency of the spectra.   78 
2.3 Infrared spectroscopy 79 
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Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a smart 80 
endurance single bounce diamond ATR cell. Spectra over the 4000525 cm-1 range were 81 
obtained by the co-addition of 128 scans with a resolution of 4 cm
-1
 and a mirror velocity of 82 
0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio.  The infrared spectra 83 
are given in the supplementary information.   84 
Spectral manipulation such as baseline correction/adjustment and smoothing were performed 85 
using the Spectracalc software package GRAMS (Galactic Industries Corporation, NH, 86 
USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software package 87 
that enabled the type of fitting function to be selected and allows specific parameters to be 88 
fixed or varied accordingly. Band fitting was done using a Lorentzian-Gaussian cross-product 89 
function with the minimum number of component bands used for the fitting process. The 90 
Gaussian-Lorentzian ratio was maintained at values greater than 0.7 and fitting was 91 
undertaken until reproducible results were obtained with squared correlations of r
2
 greater 92 
than 0.995.  93 
3. Results and Discussion 94 
The Raman spectrum of creaseyite in the full wavenumber range from 100 to 4000 cm
-1
 is 95 
displayed in Figure 1a.  The infrared spectrum of creaseyite over the 500 to 4000 cm
-1
 region 96 
is reported in Figure 1b. There are large sections of the spectra where little or no intensity is 97 
observed. The spectra are therefore subdivided into sections according to the types of 98 
vibrational modes. The Raman spectrum over the 800 to 1400 cm
-1
 region is shown in Figure 99 
2a.  The SiO stretching vibrations are found in this part of the spectrum. The infrared 100 
spectrum of creaseyite in the 500 to 1300 cm
-1
 spectral region is displayed in Figure 2b.  101 
 102 
Dowry [20] calculated the band positions of a wide range of silicate minerals and predicted 103 
where the band positions in both the Raman and infrared spectra should be found. 104 
Importantly, the type of structure of silicate minerals can be predicted from the position of the 105 
Raman and infrared bands. Dowty showed that the -SiO3 units had a unique band position of 106 
980 cm
-1 
[20] (see Figures 2 and 4 of this reference).   Dowty also showed that Si2O5 units 107 
had a Raman peak at around 1100 cm
-1
.  The Raman spectrum of creaseyite displays an 108 
intense band at 998 cm
-1
. Raman bands in this position according to Dowty [20] are due to 109 
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linked SiO3 units. The Raman band at 1071 cm
-1
 is assigned to the SiO stretching vibrations 110 
of the Si2O5 units.  Intense infrared bands (Figure 2b) are observed at 908, 959, 1005 and 111 
1043 cm
-1
. These bands are due to the SiO stretching vibrations of the siloxane units in the 112 
creaseyite structure. The last band is attributed to SiO3 units. Dowty [20] showed as more 113 
condensation of the SiO units occurred, the position of the infrared band shifts to higher 114 
wavenumbers.   115 
 116 
The Raman spectra in the 300 to 800 cm
-1
 and in the 100 to 300 cm
-1
 region are reported in 117 
Figures 3a and 3b. The first figure displays bands which are due to OSiO bending modes. 118 
These bands are observed in the infrared spectrum (Figure 2b) in the 500 to 800 cm
-1
 range.  119 
Raman bands are observed at 603, 672 and 712 cm
-1
.  Dowty calculated the position of this 120 
band for not only SiO3 units but also for Si4O11 and Si2O5 units.  The band is in the same 121 
position for each of these siloxane units.  This is explainable when the assignment of this 122 
band is to the ν4 bending modes.  Infrared bands are observed at 763, 779 and 798 cm
-1
 and 123 
are also assigned to the ν4 bending modes.  The Raman spectrum displays bands at 443, 481 124 
and 511 cm
-1. These bands are attributed to the ν2 bending modes.  Infrared bands are 125 
observed at 674, 685 and 694 cm
-1
.   A series of Raman bands are observed at 318, 351 and 126 
371 cm
-1
 and are attributed to metal-oxygen stretching vibrations. The strong Raman bands at 127 
139, 196, 237 cm
-1
 are simply described as lattice vibrations.  128 
 129 
The Raman and infrared spectra in the 2400 to 3800 cm
-1
 region are displayed in Figures 4a 130 
and 4b.   The Raman spectrum shows a broad spectral profile over the 2600 to 3600 cm
-1
. 131 
Raman bands may be resolved at 2750, 2902, 3162, 3470 and 3525 cm
-1
.  These bands are 132 
assigned to water coordinated to the metal cations. The band at 3525 cm
-1
 is attributed to 133 
zeolitic water.  The very sharp band at 3626 cm
-1
 looks very much like an OH stretching 134 
vibration of hydroxyl units. The band is also observed in the infrared spectrum in the same 135 
position but is not as intense.  Other infrared bands are observed at 2954, 3284, 3388, 3497 136 
and 3582 cm
-1
.  These bands are attributed to water stretching vibrations.  The Raman and 137 
infrared spectra between 1300 to 1800 cm
-1
 are shown in Figures 5a and 5b.   This region is 138 
principally the water bending part of the spectrum.  Two Raman bands are observed at 160 139 
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and 1543 cm
-1
.  The first band is attributed to a water bending mode. The band is observed at 140 
1635 cm
-1
 in the infrared spectrum.   141 
 142 
The mineral creaseyite is a typical zeolite even though it is not well known as a zeolite.  The 143 
classical definition of a zeolite is a crystalline, porous aluminosilicate. Many oxide structures 144 
containing atoms other than aluminium and silicon, show these zeolitic properties. Virtually 145 
all types of porous oxide structures with well-defined pore structures and a high degree of 146 
crystallinity are defined as a zeolite. The atom forming zeolites such as aluminium and 147 
silicon are surrounded by four oxygen anions to form an approximate tetrahedron consisting 148 
of a metal cation at the centre and oxygen anions at the four apexes. These tetrahedra then 149 
stack in ordered, regular arrays such that channels form in the structure. A less well known 150 
naturally occurring zeolite is the mineral creaseyite.  The zeolitic channels or pores are 151 
submicron in size, and are often termed "molecular sieves". The size and shape of the 152 
channels have extraordinary effects on the properties of these materials for adsorption 153 
processes, and this property leads to their use in separation processes. Molecules can be 154 
separated via shape and size effects related to their possible orientation in the pore, or by 155 
differences in strength of adsorption. The observation of a series of bands in both the Raman 156 
and infrared spectra in the OH stretching region shows that water is involved in the structure 157 
of creaseyite.   The significance of the number of bands rests with water being in different 158 
molecular environments in the structure of creaseyite.  Water molecules are coordinated to 159 
the cations and are also in the pores of creaseyite. 160 
 161 
4. Conclusions  162 
The mineral creaseyite Cu2Pb2(Fe,Al)2(Si5O17)·6H2O is named after geologist Dr Saville 163 
Cyrus Creasey, an eminent geologist.  It is a porous alumina silicate with zeolitic properties. 164 
The mineral consists of chains of Si2O5 units with channels in the structure.  Raman bands at 165 
998 and 1071 cm
-1
 and infrared bands at 908 and 1043 cm
-1
 are characteristic of the mineral.  166 
 167 
Raman bands observed at 2750, 2902, 3162, 3470 and 3525 cm
-1
 and infrared bands at 2954, 168 
3284, 3388, 3497 and 3582 cm
-1
 define the stretching vibrations of water in the molecular 169 
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structure of creaseyite.  The variation of position and intensity of these bands are indicative of 170 
water in different molecular environments.  The higher wavenumber bands are attributed to 171 
weakly hydrogen bonded water as might be expected for zeolitic water. The lower 172 
wavenumber bands of the OH stretching region are characteristic of strongly hydrogen 173 
bonded water.  These water molecules are probably coordinated to the cations in the structure 174 
of creaseyite.   175 
 176 
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Figure 1 (a) Raman spectrum of creaseyite in the 100 to 4000 cm
-1
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spectrum of creaseyite in the 500 to 4000 cm
-1
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Figure 2 (a) Raman spectrum of creaseyite in the 800 to 1400 cm
-1
 region (b) infrared 219 
spectrum of creaseyite in the 500 to 1300 cm
-1
 region.  220 
Figure 3 (a) Raman spectrum of creaseyite in the 300 to 800 cm
-1
 region (b) Raman spectrum 221 
of creaseyite in the 100 to 300 cm
-1
 region 222 
Figure 4 (a) Raman spectrum of creaseyite in the 2400 to 3800 cm
-1
 region (b) infrared 223 
spectrum of creaseyite in the 2400 to 3800 cm
-1
 region.  224 
Figure 5 (a) Raman spectrum of creaseyite in the 1400 to 1800 cm
-1
 region (b) infrared 225 
spectrum of creaseyite in the 1300 to 1800 cm
-1
 region.  226 
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